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Introduction 

The I n s t i t u t e  f o r  Computer Appl ica t ions  i n  Science and Engineer ing (ICASE) 

i s  opera ted  a t  t h e  Langley Research Center of NASA by t h e  U n i v e r s i t i e s  Space 

Research Assoc ia t ion  (USRA) under a c o n t r a c t  wi th  the  Center. USRA i s  a non- 

p r o f i t  consortium of major U. s. c o l l e g e s  and u n i v e r s i t i e s .  

The I n s t i t u t e  conducts u n c l a s s i f i e d  b a s i c  r e sea rch  i n  app l i ed  mathematics,  

numerical  a n a l y s i s ,  and computer sc ience  i n  o rde r  t o  extend and improve prob- 

lem so lv ing  c a p a b i l i t i e s  i n  sc i ence  and engineer ing ,  p a r t i c u l a r l y  i n  aero- 

n a u t i c s  and space.  

ICASE has  a small permanent s t a f f .  Research is conducted p r i m a r i l y  by 

v i s i t i n g  s c i e n t i s t s  from u n i v e r s i t i e s  and i n d u s t r y  who have r e s i d e n t  appoint-  

ments f o r  l i m i t e d  per iods  of t ime,  and by consu l t an t s .  Members of NASA’s 

r e sea rch  s t a f f  a l s o  may be r e s i d e n t  a t  ICASE f o r  l i m i t e d  per iods .  

The major c a t e g o r i e s  of t he  c u r r e n t  ICASE r e s e a r c h  program are: 

a. Numerical- methods, wi th  p a r t i c u l a r  emphasis on t h e  development and 
a n a l y s i s  of b a s i c  numerical  a lgor i thms;  

b. Control  and parameter i d e n t i f i c a t i o n  problems, wi th  emphasis on 
e f f e c t i v e  numerical  methods; 

c . Computational problems i n  engineer ing  and the  phys ica l  s c i e n c e s ,  
pa r t i cu l i3 r ly  f l u i d  dynamics, a c o u s t i c s ,  s t r u c t u r a l  a n a l y s i s ,  and 
chemist  r y ; 

d. Computer systems and sof tware ,  e s p e c i a l l y  v e c t o r  and p a r a l l e l  
computers, microcomputers, and d a t a  management. 

ICASE r e p o r t s  are considered t o  be p r i m a r i l y  p r e p r i n t s  of manuscr ipts  t h a t  

have been submitted t o  appropr i a t e  r e sea rch  j o u r n a l s  o r  which are t o  appear i n  

conference proceedings.  In t h e  next  s e c t i o n ,  a complete l i s t i n g  of ICASE 

r e p o r t s  f o r  t he  ca lendar  years  1975 through December 1987 a r e  given. The 

f i n a l  s e c t i o n  con ta ins  j o u r n a l  and conference proceedings r e fe rences  f o r  o l d e r  

r e p o r t s .  

P r e s e n t l y ,  ‘LCASE i s  operated a t  NASA Langley Research Center ,  Hampton, 
VA 23665 under NASA Contract  No. NAS1-18107. I n  t h e  p a s t ,  support  has  been 
provided by NASA Cont rac ts  No. NAS1-17070, NAS1-17130, NAS1-15810, NAS1-16394, 
NAS1-14101 and NPS1-14472. 
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ICASE Reports - 1987 

Kamowit z , David : MLLetig&id applied t o  b i n g d a t r  pe tr tubdion ptroblem . ICASE 
Report No. 87-1, January 7, 1987, 27 pages. To appear i n  Applied Mathe- 
ma t i c s  and CoocFutation. 

Jackson ,  T. L., A. K. Kapi la ,  and D. S. Stewart :  Evolution 06 a Xocaecized 
thetrmat ex@ohion i n  a /reactive gab. ICASE Report No. 87-2, January 8, 
1987, 62 pages.  Submitted t o  SIAM J. of Applied Math. 

S p a l l ,  R. E.. T. B. Gatski .  and C. E. Grosch: On a c&ite&ion dotr VOtLtex 
- bkeakdown; ICASE Repor t  No. 87-3, January 8, 1987, 23 pages.  p h y s i c s  of 

F lu ids ,  Vol. 30, No. 11, November 1987, pp. 3434-3440. 

Lohner, Rainald,  lCen Morgan, Jaime P e r a i r e ,  and Mehdi Vahdati:  Finite &anent  
deux-comected trtanbpolrt (FEM-FCT) d o t  t h e  € d e &  and Navietr-Stoh equa- 
t iov lb .  TCASE Report No. 87-4, January 15, 1987, 25 pages.  I n t e r n a t .  J. 
Numer. Methods F lu ids ,  Vol. 7, 1987, pp. 1093-1109. 

Naik, Vi jay  and Shlomo Ta’asan: Petr6o/rmance A t U d i U  06 the m d t i g & d  &go- 
&thm implemented on hypettcube f f l d t i p h O C e 6 b o J L  b ybtem . ICASE Report No. - 87-5, January 16, 1987, 21 pages.  Proc. of t he  2nd Hypercube Multiproces- 
s o r  Conference, 1987, pp. 720-729. 

Roe, P. L.: E W L O ~ ~  Utimateb dotr c e u - v e a e x  bol&ion6 06 .the comphUAib& 
Edetr equatiOn6. ICASE Report No. 87-6, January 22, 1987, 42 pages. To 
appear  i n  AIAA J. 

Nicol ,  David and Frank H. Wi l la rd :  Pkoblem b i z e ,  patr&el atrchitectuhe, and 
OptLntal bpeedup. ICASE Report No. 87-7, Apr i l  14, 1987, 30 pages. To 
appear  i n  J. P a r a l l e l  and Di s t r ibu ted  Computing. 

Reneke, J. A. and R. E. Fennel l :  RKH Apace apptroxim&ionA dart the  deedback 
opekatorr i n  a finean hetreditahy h y b t e m .  ICASE Report  No. 87-8, 
February 3, 1987, 23 pages. Submitted t o  I n t e r n a t .  J. Control.  

Hussa in i ,  M. Y.: S t a b d i t y ,  t t r m a i o n ,  and tuhbdence. ICASE Report  No. 87- 
- 9, February 27, 1987, 20 pages. Supercomputing i n  Aerospace, NASA CP- 
2454, pp. 211.-220. 

Banks, H. T., R. K. Powers, and I. G. Rosen: lnveue  ptroblem i n  the model ing  
0 6  vibtrdion5 0 6  dlexible beams. ICASE Report No. 87-10, February 27, 
1987, 23 pages. D i s t r ibu ted  Parameter Systems, Spr inger  Lec. Notes i n  
Control  and Inf .  Sci.,  Vol. 102, 1987, pp. 1-22. 

Props t ,  Georg: P i e c e a e  f i n e m  apptroximation 604 hetredCtatry conttroL ptrob- 
t e r n .  ICASE Report No. 87-11, February 27, 1987, 74 pages. Submitted t o  
SIAM J. Control  O p t i m .  

Kee l ing ,  Stephen L.: On LipbchiAz c o n t i n d y  06 n o f i n e m  did6etrentid opetra- 
t 0 U .  ICASE Report No. 87-12, March 17, 1987, 12 pages. Submitted t o  
SIAM J. Numer. Anal. 
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Keel ing ,  Stephen L. : Gdertkin/Runge-Ku.Xta d.iAclretiz&ion.b do& b e m a n e m  
p u a b 0 l i . c  e q u d i 0 n . b .  ICASE Report No. 87-13, March 17, 1987, 31  pages. 
Submitted t o  SIAM J. Numer. Anal. 

Tomboulian, Sher ry l :  A bybtem do& rtouZLng u b i t r t a h y  d i n e c t e d  gkaphb on SIMP 
atrchite&WuL4. ICASE Report No. 87-14, March 18, 1987, 24 pages. Sub- 
mi t t ed  t o  IEEE Trans. Comput. 

Brezz i ,  F.: A dwrvey 0 6  mixed d i n i t e  d e m e n t  methods. ICASE Report No. 87- 
15, March 18, 1987, 32 pages. Submitted t o  Proc. Workshop on F i n i t e  E le -  
ment Methods, Theory, and Appl ica t ion ,  S p r i n g e r V e r l a g .  
- 

Hall, P h i l i p  and W i l l i a m  D. Lakin: The & U y  n o & n e u  d e v d o p m e n t  06 G ~ % Y L  
uoMice6 i n  grtOWing h o u n d u y  1ayeh.b. ICASE Report No. 87-16, March 19, 
1987, 35 pages. To appear i n  Proc. Roy. SOC. Ser .  (A) .  

Jackson, T. L. and M. Y. Hussaini :  An a 6 y m p t o t ~ C  a n d y b , h  06 AUpeJrAOniC rte- 
a c t i n g  m i x i n g  laye&&. ICASE Report NO. 87-17, March 19, 1987, 16 pages. 
To appear i n  Combustion Science and Technology. 

Scheurer ,  B.: Remuhd on t h e  d t a b W y  an&y&.Lb 0 6  rteaczive 6x0~s. ICASE 
Report  No. 87-18, March 20, 1987, 21 pages.  Proc. Conference on 
Mathematical Modeling i n  Combustion, Lyon, France, Apr i l  27-30, 1987. 

Hariharan ,  S. I. and P. K. Dutt:  Acoubtic g r t a u a y  waueb: A computation& 
apprtaach. ICASE Report No. 87-19, March 24, 1987, 26 pages. To appear  i n  
Applied Numerical Mathematics. 

Er lebacher ,  G., M. Y, Hussa in i ,  C. G. Spez ia l e ,  and T. Zang: T o w u d  t h e  
l u g e - e d d y  bim&&ion 0 6  c o m p h a b i b l e  XwrbLLeenX dlout6. ICASE Report No. 
87-20, March 30, 1987, 38 pages.  Submitted t o  J. Flu id  Mechanics. 

Keyes, David E. and Mi tche l l  D. Smooke: h d y d - i b  06 a p m a R Y e l i z e d  none- ineu 
e U i p t i c  boundmy v d u e  prtoblem boluert W i t h  a p p l i c a t i o n  t o  r teact ing 
dloUlb. ICASE Report No. 87-21, Apr i l  13, 1987, 28 pages. Submitted t o  
t h e  Proc. of  t he  Symposium on P a r a l l e l  Computations and Thei r  Impact on 
Mechanics, American Soc ie ty  of Mechanical Engineers Nat ional  Meeting, 
Boston, A. H. Noor ( e d i t o r ) ,  December 13 - 18, 1987. 

S a l t z ,  J o e l :  Automated prtoblem b c h e U n g  and rteduct ion 0 4  bynchrtonizat ion 
M a y  e66ect6. ICASE Report No. 87-22, J u l y  14, 1987, 37 pages.  Sub- 
mi t t ed  t o  SIAM J. Sci.  S t a t i s t .  Comput. 

Gokhale , Maya : E x N o i t i n g  l o o p  leu& pu&e.&m i n  nonprtacedund d d a d l o w  
prtogrtUm.5. ICASE Report No. 87-23, A p r i l  6, 1987, 19 pages. Proceedings 
of  t h e  I n t e r n a t i o n a l  Conference on P a r a l l e l  Processing,  1987. 

Fix, George: S i n g u t a h  d i n i t e  e l e m e n t  methods. ICASE Report No. 87-24, 
A p r i l  8, 1987, 32 pages.  Advances i n  F i n i t e  Element Methods,D. Dwoyer, 
e t  al. (eds.), Springer-Verlag.  
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Hall ,  P. and F. T. Smith: The nont.inem interraction 06  
w a v u  and TayXot-G5t&rr  vorrtices i n  cwrved channel 
No. 87-25, Apr i l  13, 1987, 38 pages. To appear i n  
(A) 

ToUmien - W c h t i n g  
6LOw6. ICASE Report  
Proc. Roy. SOC. Ser .  

Daudpota, Q. I sa ,  P h i l i p  Hall, and Thomas A. Zang: On the  novdinem interr- 
action 0 6  Gb'/~;teerr v o r r t i c u  and Tot.tmien-SchUchting waves i n  cwtved chan- 
nel  @ow6 at din.de Reynold6 numbeu. ICASE Report No. 87-26, Apr i l  21, 
1987, 62 pages. Submitted t o  J. Fluid Mech. 

Gibson, J. S. and I. G. Rosen: Apprroxhation 0 6  cbcrrete-time LQG compen6a- 
t o u  604 cbttLibLLted ~ y ~ t e m  with boundmy inpu-t and unbounded meahme- 
ment. ICASE Report No. 87-27, Apri l  24, 1987, 30 pages.  To appear  i n  
Automat i ca , 1 9 8 8. 

Mac G i o l l a  Mhuir is ,  Nessan: Lyapunov exponent6 60rr i n d i n i t e  dimen6iona.t 
dynamic& dybtem. ICASE Report No. 87-28, Apr i l  24 ,  1987, 16 pages. 
Proceedings of t he  IMACS S i x t h  I n t e r n a t i o n a l  Conference on P a r t i a l  Dif- 
f e r e n t i a l  Equations.  

Swanson, R. C. and E l i  Turkel:  A t t i s i C i d  di64ipation and cent&& did@u?nce 
bchemeh 604 t h e  €&et and Navierr-Stoheb equaX&m.b. ICASE Report No. 87- 
- 29, Apr i l  29, 1987, 54 pages.  Proc. of  t he  AIAA 8 t h  Computational F lu id  
Dynamics Conference, Hawaii, June 1987. Also, AIAA Paper 87-1107-CP. 

Abarbanel,  Saul ,  P r a v i r  Dut t ,  and David Go t t l i eb :  Sp&tting method6 &Lo 
Mach numberr €lute& and Navierr-Stokes equation6. ICASE Report No. 87-30, 
May 1, 1987, 27 pages.  To appear i n  Comput. and F lu ids .  

I t o ,  Kazufumi: Strrong converrgence and converrgence rrdu 0 6  apprroximating 
doLu t ion4  do& d g e b t a i c  Riccati equation6 i n  Hilbetrt bpacu  . ICASE Report  
No. 87-31, May 11, 1987, 20 pages. To appear  i n  Proceedings of t h e  
Conference on Control  Theory f o r  D i s t r ibu ted  Parameter Systems, Vorau, 
Aus t r i a ,  1987. 

I t o ,  Kazufumi and Robert K. Powers: Chandrrasekhah equation6 do& in6iniZte 
dimeruiond b y ~ t e m d :  Pat 21. Unbounded input  and output cahe. ICASE 
Report No. 8'7-32, - May 11, 1987, 55 pages.  SIAM J. Control  Optim., Vol. 
25, 1987, pp. 596-611. 

Shu, Chi-Wang and Stan ley  Osher: Eddicient hpLementation od ubent.&&'y non- 
oA&atotry 4hock captuking Achemu. ICASE Report No. 87-33, May 11, 
1987, 73 pages.  To appear i n  J. Comput. phys. 

Fatoohi ,  Raad A. and Chester  E. Grosch: SaLving the  Cauchy-Riemann equation6 
on pa/rG%&x computeu. ICASE Report No. 87-34, May 26, 1987, 37 pages.  
Submitted t o  Journa l  of Supercomputing . 

Macaraeg, M. G., C. L. S t r e e t t ,  and M. Y. Hussaini :  An a n d y A h  06 ahtidicd 
v h c o ~ i t y  edt(ect6 on rreacting &torn ubing a 6pectrra.t mutti-domain tech-  
nique. ICASE: Report No. 87-35, May 26, 1987, 16 pages.  Submitted t o  t h e  
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5 t h  Tnterna t iona l  Conference on Numerical Methods i n  Laminar and Turbulent  
Flow. 

Uaday, Y. and A. Quarteroni :  E/rrrOk a n d y b h  bok hpectrtd apprtoximatian 06 t h e  
Kokteweg-de V & L u  e q u a t i o n .  ICASE Report No. 87-36, June 8, 1987, 26 
pages.  To appear i n  M AN Numerical Analys is ,  1988. 2 

Naik, Vijay K. and Shlomo Ta’asan: ImpLementaXion 06 muttig)Lid method6 6ok 
b o l v i n g  Naviert-Stoheb equat ion6 on a muttipkocebbak dyb tem.  ICASE Report 
No. 87-37, June 22, 1987, 33 pages. Proc. of t h e  6 t h  IMACS I n t .  Symp. on 
Computer Methods f o r  PDE’s, Lehigh Un ive r s i ty ,  PA, June 23-26, 1987, pp. 
389-396. 

P r a t t ,  Terrence W.: The PISCES 2 p a h d e l  p k a g k m i n g  e n v d o n m e n t .  ICASE 
Report No. 87-38, Ju ly  1, 1987, 15 pages. Proc. 1987 I n t e r n a t .  Conf. on 
P a r a l l e l  Process ing ,  S t .  Char les ,  I l l i n o i s ,  Penn S t a t e  Un ive r s i ty  P r e s s  
(pub.) ,  August 17-21, 1987. 

Nico l ,  David and J o e l  H. S a l t z :  P & L n e p l e s  do& pkablem aggkega t ian  and 
abbignment i n  medium bcdee m d t i p t r o c u b o m .  ICASE Report No. 87-39, 
September 18, 1987, 39 pages.  Submitted t o  IEEE Trans.  Comput. 

Ta’asan, Shlomo: MuRtigrcid method6 60k b i 6 m c a t i a n  pkoblernb: The bee6 ad-  
j o i n t  c u e .  ICASE Report No. 87-40, J u l y  6, 1987, 36 pages.  Submitted t o  
SIAM J. Sci .  S t a t i s t .  Comput. 

E r l ebache r ,  G., S. H. Bokhari ,  and M. Y. Hussaini :  An e 6 6 i c i e n t  pak.lk%2& 
dga&Lthm 60k t h e  aimuRaXian 0 6  t h k e e - d i m e u i a n a l  compkebs ib le  t k a n b i t i o n  
on a 20 pkacesbart F l e x / 3 2  mutticomp&tek. ICASE Report No. 87-41, J u l y  16, 
1987, 19 pages. Submitted t o  AIAA J. 

Har iharan ,  S. I. and P. R. Karbhari:  Cornpubbib le  ~ a v i e 4 - S t a h e s  equatiou: A 
a t u d y  0 6  l e a d i n g  edge e d b e c b .  ICASE Report No. 87-42, Ju ly  7, 1987, 26 
pages.  Submitted t o  J. Comput. Phys. 

Fa toohi ,  Raad A. and Chester  E. Grosch: IrnpLementatian 0 6  an AD1 method on 
p a h d e e  campLLteZ.4. ICASE Report No. 87-43, J u l y  14, 1987, 26 pages.  J. 
Sc i .  Comput., Vol. 2, No. 2, 1987, pp. 175-193. 

Funaro, D. and D. G o t t l i e b :  A new method 06 impaaing boundmy  concfLtiou i n  
p e u d o a p e c t r t a l  appkaximatianb 0 6  hypertbofic e q u a t i o u  . ICASE Report No. 
87-44, J u l y  15, 1987, 30 pages.  To appear  i n  Math. Comp. 

Er lebacher ,  G., T. A. Zang, and M. Y. Hussa in i :  Spectkd muttig)Lid method6 
d o t  t h e  aalLLtian 0 6  hamogeneaub t m b d e n c e  ptroblemb. ICASE Report No. 87- 

-9 45 J u l y  16, 1987, 21 pages. Proc. of t he  Third Copper Mountain 
Conference on Mul t igr id  Methods. 

Ha l l ,  P h i l i p  and Mujeeb R. Malik: The gkoutth. 0 6  G k Z k k  v a k t i c e b  i n  campkes- 
b i b l e  boundmy  l a y e m .  ICASE Report No. 87-46, August 18, 1987, 25 
pages. Submitted t o  a y s .  F lu ids .  
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Burns, John, Kazufumi I t o ,  and Georg Propst :  On nOVI-CObZVehgenCe ofj adjoint 
demigtroupd fjotr conttrol dydtemA w i t h  d d a y a .  ICASE Report No. 87-47, 
Ju ly  24, 1987, 32 pages. Submitted t o  SIAM J. Control Optim. 

Maday, Y. ,  A. T. P a t e r a ,  and E. M. Ronquist:  A m - p o a e d  o p t i m d  bpecttrd 
element apptroximation 60'2 the S;tohu ptroblem. ICASE Report No. 87-48, 
J u l y  28, 1987, 45 pages.  Submitted t o  SIAM J. Numer. Anal. 

Nicol,  David M. and Paul F. Reynolds, Jr.: O p t i m d  dynamic tremapping ofj 
pa&&el computatiom. ICASE Report  No. 87-49, J u l y  27, 1987, 38 pages.  
Submitted t o  IEEE Trans. Comput. 

Nicol ,  David M. : Petrfjotrmance .iAbu&5 6otr domain-okiented  time-d.&iven d h  - 
ttLibuted dimidatiom. ICASE Report No. 87-50, Ju ly  31, 1987, 11 pages. 
To appear i n  Proc. of t he  1987 Winter Simulat ion Conference. 

Nicol ,  David M . :  Mapping a b a t t l e d i d d  dimu&&ion onto mubage-pading p a d -  
Lee m c h i t e c t u u .  ICASE Report No. 87-51, October 14, 1987, 17 pages.  
Submitted t o  Proceedings of SCS Conf . on Dis t r ibu ted  Simulation. 

Nicol ,  David M. and J o e l  H. S a l t z :  O p t i m d  ptre-~ched&ing 06 ptroblem tremap- 
p i n g d .  ICASE Report No. 87-52, September 18, 1987, 2 1  pages. Submitted 
t o  1988 SIGMISTRICS Conference. 

Mavr ip l i s ,  D i m i t r i  and Antony Jameson: M d t i g t L i d  b o l u t i o n  ofj the € d e &  equa- 
t iom on unbttructutred and adaptive m a h u .  ICASE Report No. 87-53, 
J u l y  28, 19117, 20 pages. Submitted t o  t h e  Proc. of  t he  3rd Copper 
Mountain Mul t igr id  Conference, A p r i l  1987. 

Tadmor, Ei tan :  The convetrgence ofj bpecttrd methoch 604 nod inem cometrvation 
&.TU&. ICASF: Report No. 87-54, August 5, 1987, 23 pages. Submitted t o  
SIAM J. Numer. Anal. 

Geer, James and Carl Andersen: A h y b ~ d  petrXwrbatian GaLetrkin technique w i t h  
appficatiom t o  dlendetr  body  theotry.  ICASE Report No. 87-55, August 5,  
1987, 57 pages.  To appear i n  SIAM J. Appl. Math. 

Harten,  Ami :  €140 dchemea w i t h  aubc& truolution. ICASE Report No. 87-56, 
August 19, 1987, 62 pages. UCLA CAM Report 87-13. Submitted to  J. Comp. 
Phys . 

Eiseman, P. R. and G. Er lebacher:  G k i d  genetration d o t  the  doluZLon ofj p a & t i d  
difjfjetrentid equatiom. ICASE Report No. 87-57, August 26, 1987, 88 
pages.  To appear  i n  State-of-the A r t  Surveys on Computer Mechanics, 
A. Noor (ed .), American Socie ty  of Mechanical Engineers.  

Keel ing,  Stephen L. : Un i m p l i c i t  Runge-Kutta methodd fjotr pm&el computa- 
t i o n h .  - ICASE Report No. 87-58, September 2, 1987, 23 pages. Submitted t o  
B I T .  
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Wild,  C h r i s t i a n :  A n d y b h  and a y n t h e b h  06 abbthact data t y p a  thhough 
geneh&z&ion dhom examp&%. ICASE Report No. 87-59, September 4, 1987, 
24 pages.  Submitted t o  IEEE Trans.  Software Engrg. 

Foias ,  C., 0. Manley, and R. Temam: On t h e  intehaction 06 Am& and Lahge 
eddieb i n  two  dirnenaiond t w r b d e n t  6Lows. ICASE Report No. 87-60, 
September 8, 1987, 44 pages. 

Keel ing,  Stephen L. : G d e h h / R u n g e - K u $ t a  dibtXeXiz&ionb d o t  p a h a b o f i c  equa- 
t i o n b  w i t h  time dependent coeddicienb . ICASE Report No. 87-61, 
September 9,  1987, 40 pages.  Submitted t o  Math. a m p .  

Hussa in i ,  M. Y., D. A. Kopriva, and A. T. Pa t e ra :  S p e C t h d  c o ~ o c a t i o n  
methoch. ICASE Report No. 87-62, September 10, 1987, 70 pages.  To appear 
i n  IMACS J. N u m e r .  Anal. 

Tal-Ezer, H i l l e l :  P O k j n O m i d  a p p h o x h a t i o n  06 ~ u n c t i a n b  06 mat4ica and ia 
a p r n c a t i o n  t o  t h e  boluXion 06 a genet& b ybtem 06 Lineah e q u a t i o m  . 
ICASE Report No. 87-63, September 11, 1987, 46 pages. Submitted t o  SIAM 
J. Numer. Anal. 

Roe, P. I,.: Vhcontinuoub bolutionb .to h y p e t b o f i c  a y b t e m  undeh opehatoh 
bp&AX&g. ICASE Report No. 87-64, September 15, 1987, 34 pages. Sub- 
mi t t ed  t o  SIAM J. Numer. Anal. 

Arens to r f ,  Norbert  S. and Harry F. Jordan: Cornpah,b~j b a h ~ e t  d g o 4 i t h m .  
ICASE Report No. 87-65, September 17, 1987, 39 pages. Submitted t o  
P a r a l l e l  Computing. 

S e t h i a n ,  James A. and Stan ley  Osher: Fhona phopaga.CbIg w i t h  cuhvatwre 
dependent bpeed: A e g o 4 i t h m  b a e d  on f famieton-Jacobi  6otmdatiom . ICASE 
Report No. 87-66, September 24,  1987, 53 pages.  Submitted t o  J. Comput. 
Physics .  

B a y l i s s ,  A . ,  D. G o t t l i e b ,  B. J. Matkowsky, M. Minkoff: An a d a p t i v e  pbeudo- 
bpec.thd method doh treaction did&&on p h o b l e m .  ICASE Report No. 87-67, 
October 1, 1987, 42 pages.  Submitted t o  J. Comput. Physics .  

LeVeque, Randall J. : t l igh h & b o ~ u t i o n  d in i t e  voLme methodb on a h b i t t r m y  @db 
v i a  wave phopagat ion.  ICASE Report No. 87-68, October 20, 1987, 29 
pages. Submitted t o  J. Comput. Phys. 

ICASE Reports - 1986 

Canuto, C. and A. Quarteroni :  On the  boundmy t&eaXmen.t i n  b p e c Z t a l  m e t h o d  
doh hypehbol2.c b y b t e m .  ICASE Report No. 86-1, December 27, 1985, 19 
pages. J. Comput. Phys., Vol. 71, No. 1, J u l y  1987. 



7 

G o t t l i e b ,  D., L. Lustman, and E. Tadmor: S t a b i l i t y  a n d y a d  06 A p e c Z R d  
method6 dorc hgpercbofic i n i t i d - b o u n d m y  v d u e  a y b t e m  . ICASE Report No. 
86-2, January 16, 1986, 38 pages. SIAM J. Numer. Anal., Vol. 24, No. 2 ,  
A p r i l  1987, pp. 241-256. 

h t t ,  P.: A Riemann aolverc b a e d  on a g l o b d  e x h t e n c e  prcood 6orc t h e  Riemann 
prcoblem. - ICASE Report No. 86-3, January 1 7 ,  1986, 12 pages. Submitted t o  
J. Comput. Phys. but  withdrawn. 

S a l t z ,  J o e l  H.,  S ' i jay K. Naik, and David M. Nicol:  Reduct ion 06 t h e  eddech 
0 6  t h e  communication de laya  i n  acie'ntidic d g o l L i t h m  on meaaage pabaing 
MlMD a h c h i t e c t w m .  ICASE Report No. 86-4, January 22, 1986, 26 pages.  
SIAM J. Sci.  :Stat. Comput., Vol. 8, No. 1, January 1987, pp. 118-134. 

Moi t ra ,  A., E. Turkel ,  and A. Kumar: A p p l i c a t i o n  0 6  a Runge-Kutta acheme 604 
high-apeed  i n v d c i d  i n t e r c n d  d l o u ~ 6 .  ICASE Report No. 86-5, January 31, 
1986, 26 pagles. AIAA Paper No. 86-0104, A I M  24th Aerospace Sc iences  
Meeting, January 6-9, 1986, Reno, Nevada. 

Eidson, T. M.,  M .  Y. Hussa in i ,  and T. A. Zang: S m & a t i o n  06 t h e  t m b & e n t  
Rayleigh-Benakd prcoblern u s i n g  a a p e c t r c d l 6 i n i t e  diQ6ercence t e c h n i q u e .  
ICASE Report No. 86-6, February 4, 1986, 43 pages. Proc. EUROMECH 199 
Di rec t  and Large Eddy Simulat ion of Turbulent Flows, Munich, Germany, 
September 30 - October 2, 1985. 

Nicol ,  David M. and Paul F. Reynolds, Jr.: An o p t i r n d  t r e p m t i t i o n i n g  d e c i b i o n  
p o f i c y .  ICASE Report No. 86-7, February 10, 1986, 19 pages. Submitted t o  
IEEE Trans.  on Software Engineering but  withdrawn. 
- 

G o t t l i e b ,  D., L. Lustman, and E. Tadmor: Convercgence 06 Apectkd method6 dotr 
hypetrbofic i n i t i d - b o u n d m y  v d u e  a y a t e m  . ICASE Report No. 86-8, 
January 17, 1986, 15 pages. SIAM J. Numer. Anal., Vol. 24,  No. 3,  pp. 
5 3 2-5 3 7. 

Abarbanel,  S . ,  A. Bay l i s s ,  and L. Zustman: Non-rce6lecting boundmy  c o n d i t i o n h  
dorc t h e  comprcaaib le  Navierc-Stohea equaaXonn. ICASE Report No. 86-9, 
March 4, 1986, 26 pages.  Inv i t ed  l e c t u r e  a t  t h e  7 t h  I n t e r n a t .  Conference 
on Computing Methods i n  Applied Science and Engineering, December 9-13, 
1985, Versailles, France (INRIA). 

Hariharan,  S. I.:: Nontinearr acoustic wave prcopagaXion i n  atmoaphetre. ICASE 
Report No. 86#-10, March 5, 1986, 2 8  pages. IMACS Proceedings on Computa- 
t i o n a l  Acoust ics ,  August, 1986, Yale. 

- 

Banks, H. T. and K. A .  Murphy: 2 u a n t i t a t i v e  modeling 0 6  gtrowth and & p e a &  
i n  popuAkXion mode&. ICASE Report No. 86-11, March 17, 1986, 13 pages.  

Lakin,  W. D.: A combined i n t e g t r a t i n g  and d i 6 & h e n $ k ~ t ~ n g  rnaa2.k 6orcrnLLeutLon 
do& boundmy  v d u e  prcoblem on trectang&m domainn. ICASE Report No. 86- 
-' 1 2  March 1 7 ,  1986, 30 pages. J. Engrg. Math., Vol. 20, 1986, pp. 203- 
215. 



8 

I q b a l ,  M. Ashraf,  J o e l  H. S a l t z ,  and Shahid H. Bokhari: Petdotunance taadeoQda 
i n  atat ic  and dynamic l oad  balancing h t & a t e g i u .  ICASE Report No. 86-13, 
March 17,  1986, 24 pages. Proc. of t he  1986 I n t e r n a t .  Conf. on P a r a l l e l  
Processing,  August 1986, pp. 1040-1047. 

Turke l ,  E. : PmcondiAioned m e t h o h  Qot a o l v i n g  the  incomptredaible and l o w  
apeed compmaaible equd.Lonb. ICASE No. 86-14, March 20, 1986, 38 
pages.  J. Comp. Phys., Vol. 72, 1987, pp. 277-298. 

Gibson, J. S .  and I. G. Rosen: NumelLicd appkoximation Qorr the  i n d i n i t e -  
d imenbional  d incute- t ime o p t i m a l  linean-quadtratic t egu la to t r  p t o b l e m .  
ICASE Report No. 86-15, March 20, 1986, 82 pages. To appear i n  SIAM J. 
Cont. Opt. ,  Vol. 26, No. 2,  March 1988. 

Gibson, J. S. and I. G. Rosen: S h i d t i n g  the d o d e d - l o o p  apecttum i n  the 
o p t i m a l  f inean quadtratic ~ ~ e g u l a t o ~  p t o b l e m  Qat heuxL&ny ayatem . ICASE 
Report No. 86-16, March 20, 1986, 47 pages.  IEEE Trans.  Auto. J. Cont ro l ,  
Vol. AC-32, No. 9, September 1987, pp. 831-836. 

Sh ih ,  @-Gang: On t h e  exhtence oQ d o l a i o n a  Qo'r an equaXion aniding i n  the 
Zheorry od Xamincvr Beow i n  a unidomnty porroun channeC w i t h  injeczion.  
ICASE Report No. 86-17, March 21, 1986, 26 pages.  SIAM J. Appl. Math., 
V O ~ .  47, NO. 3, 1987, pp. 526-533. 

South,  J. C., Jr. and M. Y. Hussa in i ,  (eds . ) :  Advancu in n w n e ~ c d  and 
uppiked mathematiu. ICASE Report No. 86-18, March 28, 1986, 597 pages. 
Applied Numerical Mathematics, Vol. 2, Nos. 3-5, 1986, pp. 161-437. 

Lee, Tai-yong, Costas Krava r i s ,  and John H. Se in fe ld :  tl.ibtoJLy matching b y  
ap&ne appttaxima$ion and tceg&&zation i n  dingle-phabe meal 
huehvoikA. ICASE Report No. 86-19, March 31, 1986, 53 pages. SPE 
Reservoi r  Engineer ing,  September 1986, pp. 521-534. 

Mac Gio l l a  Mhuiris,  Nessan: The conatuct ion and ube 06 divehgence Qttee 
vectok expanbionb d o t  incompRuaibLe Q l u i d  Q l o w  cdculationb . TCASE 
Report No. 86-20, Apr i l  15, 1986, 2 1  pages. To appear i n  Proceedings of  a 
Spec t r a l  Methods Workshop. 

B a y l i s s ,  A., K. E. Jordan,  B. J. LeMesurier, and E. Turkel:  A Qowth otrdetr 
acemate Qinite diQQetrence acheme Qo)r t h e  computation oQ elabt ic  wavea. 
ICASE Report No. 86-21, Apr i l  23, 1986, 44 pages. B u l l e t i n  of the  Seismo- 
l o g i c a l  Soc ie ty  of America, Vol. 76, No. 4 ,  August 1986, pp. 1115-1132. 

Harten,  A m i ,  Bjorn Fngquis t ,  S t an ley  Osher, and Sukumar R. Chakravarthy: 
UniQohmLy h igh  otrdet accutate u h  entkd%j  non-oh d a t o t y  a chemu 1 I I .  
ICASE Report No. 86-22, Apr i l  29, 1986, 97 pages.  J. Comput. Phys., Vol. 
71, NO. 2, 1987, pp. 231-303. 

Ta'asan, Shlomo: MultiglLid method dot the eqLLieiblLium equationb oQ d a b t i c i t y  
U i n g  a compact acheme. ICASE Report No. 86-23, Apr i l  30, 1986, 25 
pages.  J. Comp. Phys ics ,  Vol. 73, No. 2, 1987, pp. 432-446. 
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Reed, Daniel A., Loyce M. Adams, and Merre l l  L. Pa t r i ck :  Sten& and ptroblem 
pCm%.iOningb : Theitr inh luence on t h e  petr6otrmance 06 m u l t i p l e  ptroce6d oh 
bybtem6. ICASE Report No. 86-24, May 2, 1986, 47 pages. IEEE Trans. 
Comput., V o x  C-36, No. 7, J u l y  1987, pp. 845-858. 

Hussa in i ,  M. Y. and T. A. Zang: SpecZkd metho& i n  @aid  dynamicb. ICASE 
Report  No. 136-25, May 5, 1986, 61 pages.  Annual Review of  Fluid 
Mechanics, Val. 19, 1987. 

Hussa in i ,  M. Y., W. D. Lakin,  and A. Nachman: On 6 i m a d t y  06 a boundany 
layerr ptrobleni wi-th an uphtheam moving w a l l .  ICASE Report No. 86-26, 
May 9, 1986, 25 pages.  SIAM J. Appl. Math., Vol. 47, No. 4, August 1987, 
pp. 699-709. 

m e n ,  T. F. and G. J. F i x :  L e u t  dquaheb dinite d e m e n t  6irnutaZion 05 
ttransonic d~olU6. ICASE Report No. 86-27, May 9, 1986, 28 pages. Applied 
Numerical Mathematics, Vol. 2, 1986, pp.  399-408. 

Kopriva, David: .A 6pecttraX mul t idomain method do& t h e  a o l u t i o n  06 hypetrbol ic 
bydtemh. - ICASE Report No. 86-28, May 9, 1986, 47 pages.  Applied Numeri- 
tal Mathematics, Vol. 2, 1986, pp. 221-241. 

Ta’asan, Shlomo: MLLetighid method doh a votrtex btreahdown 6 imulaXian.  ICASE 
Report No. 86-29, - May 9, 1986, 2 2  pages. Applied Numerical Mathematics, 
Vel. 2, 1986, pp. 303-311. 

Gunzburger, M. D. and R. A. Nicola ides :  On 6t t rUC~umhg dgOhi thm6 and da tu-  
t i o n  technique6 hofc t h e  numetLicaX appaoximaXion 06 pantiat di6detrentia.t 
eqUaZi0VU. ICASE Report No. 86-30, May 9, 1986, 32 pages. Applied 
Numerical Mathematics, Vol. 2, 1986, pp. 243-256. 

S t r ikwerda ,  J. C.l, B. A. Wade, and K. P. Bube: Regula-tity a t i m a L e 6  up t o  t h e  
boundmy 604 ( i l%pt ic dybtemh 06 didfjehence e q u d i o n n  . ICASE Report NO. 
86-31, May 8, 1986, 65 pages. To appear i n  SIAM J. Numer. Anal. 

Burns, J. A., E. M. C l i f f ,  and R. K. Powers: ComputaXionat method doh t h e  
contfcok? 06 d i 6 t h i h u t e d  panametetr b y b t e m .  ICASE Report No. 86-32, May 12, 
1986, 18  pages. Proc. of the 24th IEEE Conf. on Decis ion and Control ,  
December 1985, pp. 1994-1998. 

Tadmor, Ei tan :  k minimum enthopy p k i n c i p l e  i n  t h e  gaS dynumicb equa;tionb. 
ICASE Report No. 86-33, May 20, 1986,. 20 pages. Applied Numerical 
Mathematics, Vol. 2, 1986, pp. 211-219. 

Mac G i o l l a  Mhuir is ,  Nessan: C d c d a X i O v t 6  06 t h e  d $ a b a i t y  06 dome axihym- 
meth ic  dlom ietropohed az a model! 06 vohtex btreakdown. ICASE Report No. 
86-34, May 20, 1986, 36 pages.  Applied Numerical Mathematics, Vol. 2, 
1986, pp. 273-290. 

S p e z i a l e ,  Cnarles  G.: On t h e  advantaged 06 t h e  v o t r t i c i t y - v d o c i t y  dotrmulat ion 
06 t h e  e q u d i o n s  06 6l lL id  dynamicb. ICASE Report No. 86-35, May 20, 1986, 
10 pages.  J. Comp. Phys., Vol. 73, No. 2, December 1987, pp. 476-480. 
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South ,  J e r r y  C., Jr. ,  Mohammed M. Hafez, and David Go t t l i eb :  S t a b i l i t y  
anaQbLb oh intekrnediate boundmy con&tionb in appkoximate rfac.to&kation 
bchekb.  -1CASE Report No. 86-36, May 20, 1986, 27 pages.  Applied 
Numerical Mathematics, Vol. 2 ,  1986. 

Swanson, R. C. and E. Turkel :  Pbeudo-the dgo4ithm 60/r  the Naviek-Stoha 
equafionb. ICASE Report No. 86-37, May 21, 1986, 32 pages. Applied 
Numerical Mathematics, Vol. 2, 1986, pp. 321-334. 

Banks, H. T. and D. W. I les :  On cornpactnab 06 adminbible pmametek be&: 
Convekgence and b t a b i l i t y  i n  i n v e u e  pkoblem didt/LibcLted pmametek 
aybtemb.  ICASE Report No. 86-38, June 9, 1986, 16 pages. To appear  i n  
Proc. IFIP Conf. on Control  Systems Governed by P a r t i a l  D i f f e r e n t i a l  
Equations.  

Er lebacher .  Gordon and Yousuff Hussaini : 7ncipien.t tkansit ion phenomena in 
compk&bible @~utcl ovek a @ U t  pklh2. ICASE Report No. 86-39, June 10, 
1986, 2 1  pages.  Proc. 10th I n t e r .  Conf. on Numer. Methods i n  F lu id  
Dynamics, June 198 6. 

Iqba l  , M. Ashraf: ApprroximcGte ~5otLi.thm 504 pm.tiaXoning and cmsignment 
pkoblem. ICASE Report No. 86-40, June 10, 1986, 16 pages. Submitted t o  
IEEE Trans.  Computers. 

Bokhari , Shahid : MuRtipkocaning the bieve 06 Ekatobthena . ICASE Report No. 
86-41, June 17, 1986, 26 pages. IEEE Computer, Vol. 20, No. 4, 1987, pp. 
50-58. 

N ico la ides ,  R. A.: Conbtkuction 06 highek okdek accuate vok.tex and pahZL&e 
mexhoh. ICASE Report No. 86-42, June 13, 1986, 20 pages. Submitted t o  
Applied Numerical Mathematics. 

Lamm, P a t r i c i a  K. and Kather ine  A. Murphy: Ebtirn&ion 06 dibcontinuoub 
coe66icien& and boundmy patLameteU 60k hype4bol-i~ bybtemb . ICASE Report 
No. 86-43, June 18, 1986, 39 pages.  To appear  i n  Quart .  Appl .  Math. 

Goldberg, Moshe and E i t an  Tadmor: Convenient b t a b u t y  crtitettia do& did- 
detente appkoxhn&ionb 06 hypekbol-ic in i t i d -boundmy  v d u e  pkoblem 7 1 .  
ICASE Report No. 86-44, June 25, 1986, 38 pages. Math. Comp., Vol. 48, 
1987, pp. 503-520. 

Nicol  , David M. and J o e l  H. S a l t z  : PynamiC &?mapping 06 ptvr&e.t computatiom 
w i t h  v m y i n g  kaowrce demanh. ICASE Report No. 86-45, Ju ly  18, 1986, 55 
pages. Submitted t o  IEEE Trans.  Comput. 

S a l t z ,  Joe l  H. and David M. Nicol :  StaZLhtkcd methodologies 6ok the  contkol 
06 dynamic kemapping. ICASE Report No. 86-46, J u l y  8, 1986, 33 pages. To 
appear i n  Proceeding ARO. 

Poore,  Aubrey B. : The expanded Langkangian bybtem 6ok conbahained optirniza- 
. t ion phoblem.  ICASE Report No. 86-47, Ju ly  9, 1986, 29 pages. To appear 
i n  SIAM J. Control  O p t i m .  
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Maest r e l l o ,  Lucio, Alvin Bayl i ss ,  Paresh Par ikh ,  and E l i  Turkel:  StabLtity 
and conttrol 06 comptraaihle &~uu owe4 a bwrQace w i t h  concave-convex 
cwrvatwre. :[CASE Report No. 86-48, Ju ly  9, 1986, 34 pages. Submitted t o  
J. F lu id  MecTi. 

Rosenfeld,  M., M. I s r a e l i ,  and M. Wolfshtein:  A numettical? b t u d y  06 bepanation 
on a bphetroid at incidence. ICASE Report No. 86-49, Ju ly  11, 1986, 35 
pages.  To appear i n  A I M .  

S i d i ,  Avram and Ivloshe I s r a e l i :  Numettical? quahatwre methoh Qotr integtra& oQ 
d i n g d m  pemu:odic Qunctionb and theitr appfication t o  aingcLewL and weahey 
b i n g d m  int4!g&al? equationh. ICASE Report No. 86-50, J u l y  16, 1986, 35 
pages. Submitted t o  SIAM J. Numer. Anal. 

Lustman, Liv iu  P:. and Milton E. Rose: A thtree dimenaional? cdccLeation oh 
d a b t i c  equilibttium Qotr compobite matettiah. 
24, 1986, 28 pages. To appear i n  I n t e r n a t .  J. Numer. Methods Engrg. 

ICASE Report No. 86-51, Jul; 

Hariharan,  S. I. and S .  I. Sudharsanan: Wave envelope technique dotr mdtimode 
wave guide paablenu. ICASE Report No. 86-52, J u l y  30, 1986, 29 pages.  To 
appear  i n  S c i e n t i f i c  Computation. 

Nicol ,  David M.: O p t i m a l  pant i t iming 06 trandom ptrogtramb aChoda two  
p t rOCUbo4A.  ICASE Report No. 86-53, - August 1, 1986, 26 pages. Submitted 
t o  IEEE Trans.  Software Engrg. 

Jordan ,  Harry F.: The dotrce on the Flex: Global? pmUelLhm and potrta6i.l- 
ity. ICASE Report No. 86-54, August 5, 1986, 2 1  pages. To appear  i n  
Pa ra l l e l  Processing and Medium Scale  Mu1 t i p r o c e s s o r s ,  Arthur Wouk (ed .) , 
SIAM, Ph i l ade lph ia ,  1987. 

Nicol ,  David M. : Expected petrQotrmance 06 m-boluXion bachttracking . ICASE 
Report No. 86-55, - August 5, 1986, 25 pages. To appear i n  SIAM J. Comput., 
Vel. 17, No. 1, February 1988. 

Jackson,  T. L.: Ehdect or; thetrmd expanbion on the d t a b i l i t y  or( two-treactant - -  
&zna. - ICAISE-Report- No. 86-56, August, 18, 1986, 13 pages. Combined 
Science and Technology, Vol. 53, 1987, pp. 51-54. 

Hussa in i ,  M. Y.: Recent developmen& i n  dpedtral? method.  ICASE Report No. 
86-57, August 29, 1986, 19 pages. Proc. 10th I n t e r .  Conf. Numer. Meth. i n  
F lu id  Dynamics, Springer-Verlag,  F. G. Zhuang and Y. L. Zhu ( eds . ) ,  pp .  
18-29. 

N ico l ,  David M. and Paul F. Reynolds: Dynamic tremapping decisiovu i n  m d t i -  
phade pan&e.t computat~onb.  ICASE Report No. 86-58, September 8, 1986, 
47 pages.  Submitted t o  IEEE Trans. Comput. bu t  withdrawn. 

S t r e e t t ,  C. L. and M. Y. Hussaini :  FinLte l e n g t h  ed6ect.b i n  Taylotr-Couette 
Qlow. ICASE Report No. 86-59, September 9 ,  1986, 30 pages. Proc. Work- 
shop on the  S t a b i l i t y  of Time-Dependent/Spatially Varying Flows, Springer-  
Verlag,  Doug 13woyer and M. Y. Hussaini  ( e d i t o r s ) ,  pp. 312-330. 
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Solomonoff, A. and E. Turkel :  Glob& co.#bcation methodd doh a p p t o x h n a t i o n  
and t h e  bo lu t ion  06 p a h t i d  d i d d e h e n t i d  ecjudionb. ICASE Report No. 86- 
60, September 1 7 ,  1986, 67 pages.  Submitted t o  J. Comput. Physics .  
Revised under the  t i t l e  M o b &  phopelctied 06 pdeudoapecXhd methoch. 
- 

Bernard i ,  C h r i s t i n e ,  Claudio Canuto, and Yvon Maday: G e n e h d i z e d  ind-bup 
condition don Chebydhev appaox imat ion  06 .the NUVieh-stOhU equat iou . 
ICASE Report No. 86-61, November 7, 1986, 67 pages. P a r t  1 of t h i s  paper 
w i l l  appear i n  SIAM J. Numer. Anal. 

Gunzburger. M. D. : Mathematic& a p e c b  06 hin i t e  d e m e n t  m e t h o h  doh i n -  - -  
compheaaib le  v h C o U b  @h#b. ICASE Report No. 86-62, September 181 1986, 
46 pages. Submitted t o  F i n i t e  Element Theory and Appl ica t ion ,  S p r i n g e r  
Verlag. 

LeVeque, Randall  J. and Lloyd N. Trefethen:  FowLiet a n d y b h  06 t h e  SOR 
i t e h a t i o n .  ICASE Report No. 86-63, September 30, 1986, 9 pages. To 
appear  i n  IMA J. Numer. Anal. 

k t t ,  Pravir and Shlomo Ta'asan: A A p f i n e - b a e d  pahamete& estimation t e c h -  
nique d o t  A X U ~ % ~  mod& ad ehl.bXic bthUctUeb. ICASE Report No. 86-64, 
October 8, 1986, 33 pages.  To appear i n  Applied Numer. Math. 

Ta'asan, Shlomo and P rav i r  D u t t :  PahUmk!$e& e b t i m a t i o n  phoblem doh d i 6 X h i b u t e d  
a y b t e m  u a i n g  a m d t i g h i d  method. ICASE Report  No. 86-65, October 8, 
1986, 19 pages. To appear i n  Quar t e r ly  of Applied Math. 

Myers, Thomas J. and Maya B. Gokhale: P U h d l k t  bchedue-ing 06 h e C W i V d l j  de- 
d i n e d  UhhCUjb. ICASE Report No. 86-66, October 3, 1986, 26 pages. To 
appear  i n  J. Sym. Comp. 

Gokhale, Maya B.: PS: A nonphocedwrd  language w i t h  data typea and 
modueea. ICASE Report No. 86-67, October 3, 1986, 20 pages. To appear i n  
F a l l  J o i n t  Computer Conference under the  t i t l e  kegok i thm b p e c i d i c a t i o n  i n  
a v e t y  h i g h  l e v e l  laHguage. 
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